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Ho. OFTEN do you come across a 

frequency counter like this: maxi- 
mum range—2 MHz; cost—less than 
$200? The answer is very rarely, and 
that's why the PoPULAR ELECTRONICS 
Universal Frequency Counter will be of 
prime interest to project builders in all 
areas. Its list of attributes doesn’t end, 
however, with frequency range and price: 
it has seven counting ranges (200 Hz to 
2 MHz), a choice of three automatically 
sequencing time bases (0.1, 1 and 10 sec- 
onds), and a comparator with built-in 
noise immunity and guarded input. The 
fatter provides excellent sensitivity to 
sine waves, square waves or narrow 
pulses of either polarity, regardless of 
duty cycles. A special electronic synchro- 
nizer eliminates variations in the display 
of the last digit (known as bobble) and 
an overrange light indicates when the 
counter’s capacity is exceeded. 

With the Universal Frequency Count- 
er, you can count events, measure fre- 
quencies from 0.1 Hz to over 2 MHz or 
you can gate the instrument externally 
so that it can be used as a stopwatch or 
to measure the ratio of two frequencies. 
The basic instrument has 0.1% accura- 
cy with a 3%-digit display (3 digits plus 
overrange indication) and a line-oper- 
ated time base similar to most com- 
mercial counters in the “under $600” 
category. 
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Fis, 1. The comparator module actually contains three separate circuit 


input signal comparator 


(C1), signal-time base synchronizing circuit (\C2 and IC3), and automatic reset generator 1C4. 


PARTS LIST 
COMPARATOR MODULE 


Ct, C7, C8S—0.1-nF, 10-tolt disc ceramic capac 
itor 

C2—1000-uF, 5.volt electrolytic capacitor 

C3—4700-PF polystyrene, Mytar, or disc eramic 
capacitor 

C4, CO—100-4F, 15-volt clectrotytic capacitor 

C3—2-pF mica capacitor 

DE DESH NETE ERIN SAP it Arey ROT 
lent 

1C1—Opcrationat amplifier (Atotorola 
MCi710CG) 

2—Ouad two-input gote (Motorola \C7247) 

ICS—IK flip-flop (Motorola MC723?) 

IC4—RTH. bufler (Fairchild 4£900) 

Q1—Transistor (Nutional 2N5129) 


Ri, RO, R11—470-ohm 
R2—330-0om 

RS, R6—1000-¢hm 
R3—100,000-ohm 


R5—47,000-oh or rine 
R7—100-ohim iia, 
RS—220-olin “ 
R10—2200-ohm 

R2—680,000-0hm 


Ris. an 

Misc—PC terminal (USECO 151@. 
not prowided in hits, 13), $24 wire I 
solder, 

Nute:—The following are aveitable from South. 
west Techiicol Products, Box 16297, Son An- 
tonio, Texas 78216; etched and drilled fiher- 
xlass circuit board, ¥M10, $3.20: complete 
Kit of all parts required. #M-1, $14.65, plus 
postage, $ oz. 


optionnt, 
dumper, 
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Fig, 2. Actual-size printed board for 
the comparator module. Because of 
the complexity of the circuit, printed 
boards are a must for this project. 


Modular construction permits easy ad- While the Universal Frequency Count- 
dition of extra decades or use of a more er is probably the most complex con- 
accurate, crystal time base. For instance, struction project ever presented in a 
the time base used in Poputar hobby electronics magazine, the exten- 
ELecTRONIcS’ Electronic Stopwatch _ sive use of integrated circuits and modu- 
(March 1968) and Sports Timer (Octo- lar construction greatly simplifies the 
ber 1968) can be easily adapted for use project. It is not a project for beginners 
in the counter. It is also possible to add but the procedure is relatively simple 
divide-by-ten scalers to extend the count- and straightforward. Parts and a com- 
er’s basic range to 20 or 200 MHz, di- plete kit are readily available as noted 
rect reading. in the parts lists. 
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HOW IT WORKS 
COMPARATOR MODULE 


‘There are actually three circuits in the Compa- 
rator module: a comparator, a synchronizing cir- 
cuit, and a reset gencrator. 

‘The comparator (/C1) is a high-gain opera- 
tional amplifier that compares two input signals 
and provides a digital output signal xencrated by 
the difference kcuween the signal input and a 
reference signal. The reference is «lerived from 
the output of the comparator by positive fecd- 
back and is cither 10 or 30 millivolts bositive, 

hen the instantanceus value of the input signal 
is more than 30 millivolts, the output of the com- 
Puritor goes to ground. helped along by a drop- 
ping reference voltage through positive feedbacl 
If the input signal drops below 10 millivolts. the 
comparator output gors pes Rain aided by 
feedback. This two-level action is called hyste- 
resis, and it Permits the comparator to operate 
with’ inputs that are noisy or are very low-fre- 
duency Sine waves without producing a noisy out 
put. 

‘The comparator is protected on the input side 
by diodes 0? and 13. which also act to restore 


the d.c. Ievel for narrow pulse inputs. Feedback 
is provided by R4, RS, and C5 and is both a 
and d.c. @ther components in the comparator ci 
cuit provide power supply decoupling and output 
toad matching. 

‘The synchronizing circuit consists of four gates 
and a JK flip-flop, The circuit delays the input 
measure command until the first input signal ar- 
tives and holds the measure command until one 
more input signal passes through the switch, a/ter 
the measure command ceases. In this way, (he 
measuring interval is locked to the signal te bi 
counted. This eliminates a one-count bobble that 
might take place if the measurement commund 
were turned on at random either just belore or 
just after an input signal arrived. Transistor Q7 
is used to drive the COUNTING indicator light. 

The reset generator, 1C4, is a bufier connected 
asa half-monostable circuit. It generates a 2- 
microsecond resct pulse at the beginning of the 
measure command to reset the counters to zero. 
Operation of the RESET pushbutton, interrupts 
the positive supply to pin | of (C4 and provides 
a longer positive output voltage. Either the auto- 
matic fulse or the manual resct causes the read- 
outs to drop to zero. 


Construction. The Universal Frequency 
Counter consists of seven modules, plus 
the case and some panel components. 
Module 1 is the comparator, module 2 
is the Scaler, module 6 is the Gate, and 
module 7 is the Power Supply. The con- 
struction of these modules is given in de- 
tail here. Modules 3, 4, and 5 are decimal 
counting units that are fully described 
in the Winter 1969 ELECTRONIC 
EXPERIMENTER’S HANDBOOK and 
the details of their construction will not 
be given here. 

It is advisable to build each module 
separately following the instructions 
carefully. Each module has its own sche- 
matic, parts list, and circuit board pat- 
tern. Note that round IC's are identified 
by a tab, flat, or color dot beside pin 8, 
while the rectangular (inline) units 
have a notch or dot at one end. In the 
schematic diagrams, they are shown 
from the top and the pins are numbered 
counterclockwise from the identifying 
mark. Be sure that all IC’s are properly 
positioned before soldering connections. 
Also be careful to observe the polarities 
of diodes and electrolytic capacitors. Use 
fine solder and a low-power (25-35 watts) 
soldering iron. 

Comparator (M1) The schematic for 
this module is shown in Fig. 1. A printed 
circuit board is a must. You can make 
your own, using the foil pattern in Fig. 2 
or purchase one etched and drilled (see 
Parts List for Fig. 1). Install the single 
jumper on the component side as shown 
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in Fig. 3. To mount the components on 
the board, follow the layout in Fig. 4. 
Scaler (M2) The schematic for the 
Scaler is shown in Fig. 5. Construction 
will be greatly simplified by use of the 
circuit board whose pattern is shown in 
Fig. 6. Install the 12 jumpers on the 
component side of the board as shown in 
Fig. 7. The four jumpers marked with an 
asterisk should be insulated with small 
pieces of sleeving. Install the nine IC’s 
and two capacitors as shown in Fig. 8. 
Gate (M6) The Gate module schematic 
is shown in Fig. 9, Once again, construc- 
tion will be greatly simplified by the use 
of a PC board. You can make your own 
using the pattern in Fig. 10. Mount the 
four jumpers on the component side as 


A NOTE ON DCU’S 


The Universal Frequency Counter can only 
use the new, low-power decimal counting units 
described fully in the Winter 1969 edition of 
Exectrowic EXPERIMENTER’S HANOBOOK. Module 
kits sold by Southwest Technical Products 
since October 1968 are of the new type. 

Here's how to tell what you have: (1) if your 
DCU has only three IC's, you have the new 
unit; (2) if it has four IC's but no 1-watt resis- 
tors, you have a medium-power unit, modifica- 
tion of which is suggested but not esseritial; 
(3) if it has four IC's and two 1-watt resistors, 
you have the original version which must be 
modified if it is to be used in the counter. 
Modification kits with complete instructions 
are available from Southwest Technical Prod. 
ucts, Box 16297, San Antonio, Texas 78216, 
for $1 per module. 
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PARTS LIST 
SCALER MODULE 


C1—1000-pF, 3-volt clectrolytic capacitor 

C2—0.1-uF, 18-volt disc ceramic capacitor 

IC1-1C8—MRTL duat JK ptip-Rop (Motorola 
MC791P) 

ICO—RTL duat two-input gate (Fairchild 
uL9i3) 

Mise.—3#24 wire (12 jumpers), insulated sleev- 
ing for jumpers (4), PC terminals (USECO 
151@B, optional, 12, not provided in kil), 
solder, 

Note:—The following are available from South 
west Technical Products, Box 16297. San An- 
tonio, Texas 78216: etched and drilled fiber- 
glass’ circuit board. #M-2b, $2.85; complete 
kit of all parts required, #M-2, $21.90, plus 
postage, 6 oz. 


HOW_IT WORKS 
SCALER MODULE 


‘There are feur independent divide-by-ten or 
decade counters in the Scaler module. Each coun- 
ter. or scaler, consists of four JK flip-llops in a 
~modulo-10 minimum-hardware™ circuit, the sim- 
plest p ler. 

Oi the four scalers. units A and B are used 
to divide the input frecuency by a factor of 10 or 
100 as necessary. Scalers C and D are used in the 
timing circuit to generate measure commands. 
Scaler C has a divide-by-two output, which pro- 
vides the L-secend measure command; scaler D 
has a 1-ef-10 decoder (/C9), which prevides the 
O,1-secend measure command, 
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Fig. 7. After drilling the PC board, install the 12 
jumpers on tite component side in positions shown. 
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Fig. 6. Actual-size foil 
pattern for scaler module. 
This board. like ali others 
is available etched and 
drilled (see Parts List). 
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Fig. 8. When installing in-line IC's. observe the 
notch and code dot. Round iC has a flat at pin 8. 
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Fig. 9. The gate module performs three functions: accepts. shapes. and converts 60 Hz to 20 Hz; 
produces .1. and 10-second gates (tC3); and mounts 0-1 and overflow circuit (!C4, QJ, Q2, Q3). 


PARTS LIST 
GATE MODULE 


10-volt electrolytic cupacitor 
» Wevolt disc ceramic capacitor 
C4—100-ul’, 13-wolt electrolytic capacitor 
D1—1N914 silicon computer diode 
11-15—6.3-voll, 3@-ml indicator lamp assembly, 
thoy orange. oue red (Southwest Technical 0-6.3 
and R.6.3, respect oc similar) 
ICL—MRIL hex inverter (Motorola MC7S9P ) 
ICZ1CS—MRTL dual $K ftip-op (Motorata 
MC7OI1P) 


March, 1969 


01-03—Trausistar {National 25129) 


R2, RF. 


All resistors 
Ye awatt 


24 wire (4 jumpers}, insulated stceviug 
(1 inch), bracket aud mounting hardivare for 
temps, PC terminals ( USEC@ 13108, option- 
ut, 9; not provided iu kit). solder 

Note:—The following are avvitable from South- 
west Technical Products, Box 16297, San Ar. 
tonio. Dexas 78216: ctched and drilled circuit 
bourd, =M-6b, $2 complete kit of all parts 
require’. 21-6, $13.85, plus postage, 5 oz. 
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Fig. 10. Actualsize foil pattern for 
the gate module, As in the other foil 
patterns, each input-output termina: 
tion and semiconductors are marked. 


Fig. 11. Mount four jumpers 
‘on the component side of the 
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shown in Fig. 11. Insulate the lower ici: 
jumper with suitable sleeving. Mount (ome) 
the components as shown in Fig. 12. ‘ ms me 


A mounting bracket is required for 
this module to hold the three indicator 
lights. Details for this part appear in 
“Low-Cost Counting Unit,” ELecrronic 
EXPERIMENTER’S HANDBOOK, Winter 1969 
and “Digital Volt-Ohmmeter,” POPULAR 
Eectronics, December 1968. The brack- 
et is mounted by match drilling to the PC 
board, then pop-riveting using #4 hard- 
ware. An orange plastic lens can be used 
for both the 0 and 1 indicators and a 
red lens for the everrange indicator. 

Power Supply (M7) Most of the power 
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board, making sure the indi. 
cated jumper is insulated to 
prevent short circuiting IC2. 
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supply, whose schematic is shown in Fig. 
13, is assembled on the PC board shown 
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Fig, 12. Mount the board components as shown here, 
once again taking care to observe all polarities. 
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Fig. 13. Note the eight connections to the ground buss. This is done to reduce stray cou- 
pling between the various modules. Each module ground should be run on a short. heavy lead. 


PARTS LIST 
POWER SUPPLY MODULE 


C1, C2, C$—1000-uF,, 25-volt clectratytic ca- 
pacitar 

CS, C6, C7---4000-pE, O-vatt elvetealstic: ca: 
pacitor 

C4—0.L-uF, 10-v0lt disc ceramic cupacitor 

DI-DI—Lampere, 50-P1¥ silicon dime, 1N4001 
or eduivatent 

DS-D11-—5-ampere average, 24-umpere peak, 50- 

THY siticay rectifier (Motorata MR1030B, do 

not substitute) 


F1—t-ampcre juse 

Ri—27-ohm, Y-watt corbon resistor 

T1—12 6-v0lt" center-tapped, 2-ampcre filament 
transformer 

AMisc—PC mouting spacers und hardware, PC 
terminals {USECO 1310B, optional, 19. not 
provided in kit), lina cord’ with strain relief, 
fasc-holder and mounting hordware, solder. 

Note:—The following ure available from South- 
west Technical Produgts, Box 16297, San_An- 
tania, Texas 78216: clched and drittcd fibcr- 
glass cirenit board, #M-7b, $3.50; complete 
Fit of all parts required, 41-7, $19.10 plus 
postage, 3 th, 


HOW _IT WORKS 
GATE MODULE 


The Gate module contains three circuits: the 
gate Kencrator, the 10-sccond measure command 
xenerator, and the 0-1 counter and overflow latch 
with indicators, The first two circuils, toxether 
with scalers C and D in the Scaler module, pro- 
vide the time base, while the last circuit extends 


the range of the counter by half a digit and pro- 
vides an indication o call attention to the fact 
that the input signal bas exceeded the full counter 
capacity. 

‘The gate generator accepts the 60-Hz power- 
line reference from the pewer supply module, 
filters and clamps it. and then applies it toa hex- 


inverter squaring circuit. C1. Positive feedback, 
via C2, provides additional edge stecpening. to 
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provide the 100-nanosccond rise and fall times 
required by the next stake. 

‘A divide-by-thrce counter (/C2) uses a pa 
fip-flops to reduce the 60-H» input to a 20-Hz 
sauiare wave. This circuit is twisted slightly from 
a “normal” divide-by-three circuit to save some 
PC board jumpers. The first flip-flop in C3 di- 
vides the 20-Hz time-base signal into 10 Hz (a 0. 
sec period) which is the reference required to ran 
scalers C and D on the Scaler modufe. The second 
flip-flop converts the output of scaler C which 
has a 10-sec perind into a 10-scc on and 10-sce 
off measure command as reduired for the 0-200- 
Hz range. 

The 0-1 counter and overranze latch is made 
up of IC4 driving, transistors Q/ through 3, 
which subbly power to the appropriate front 
panel indicator lamps. 


ir of 
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in Fig. 14. The power transformer (T1) 
and the fuse (F1) are mounted on the 
counter chassis. Use a G-10 fiberglass 
base for this circuit board so that it can 
withstand the heat generated by the 
power diodes. Drill holes as shown in 
Fig. 15. 

To avoid stray coupling between mod- 
ules through ground connections, it is 
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Fig. 14. Power supply foil pattern 
is the fargest one in the instrument. 
It should be made on fiberglass to 
avoid heat damage from power diodes. 
To assist cooling, mount all diodes 
slightly off the board to allow cool 
air to circulate around them to dis- 
sipate the heat. Also. do not allow 
the diodes to touch the capacitors. 


very important that all module grounds 
be isolated from each other and at very 
low impedance. For this reason, a wide 
ground buss is provided on the power 
supply circuit board, with a separate ter- 
minal for connections to each of the 
other modules, A separate +16 (or other 
heavy-gauge) wire should be run from 
each module to the ground buss. All 
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HOW IT WORKS 
POWER SUPPLY 


The power supply must previde more than an 
ampere of current at 3.6 volts d.c. and other 
lower current supplies at +6, —6, and +12 
volts. It also provides a.c. to the decimal peint 
lamp and the Gate module. 

To obtain all these voltages from a single 
Power transformer requires a few more diodes 
than would normally be necded with a multi- 
winding transformer, 

The +12-volt supply is derived from a volt- 
age doubler consisting of D1, D2, Ci, and C2. 
‘The supply is actually about 17 volts at the out- 
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Fig. 16. Finish the power sup 
ply by mounting the compo- 
nents, Note that each module | 
ground is made via an inde- 
pendent #16 gauge wire and 
one connection is made to | 
counter case (upper right). 


ground leads should be kept as short as 
possible. 

Components are installed on the power 
supply board as shown in Fig. 16. Note 
that C5 is upside down with respect to 
the polarity of the other capacitors. Note 
also that all diodes point in the same 
direction. Be sure that there is sufficient 
cooling space between the diodes and the 
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(REMAINING HOLES) 


put terminal; it is reduced to 12 voll 
coubling netwerk in the Compara 
Similarly the full-wave rectifier made up of D3, 
D4, and C5 provides about —9 volts, which is 
reduced to —6 volts in the Comparator. 

A second full-wave rectifier (D5 and D6) pro- 
duces +6 volts with diodes B7 and D8 acting as 
a dynamic regulator. ‘This supply is reduced by 
D9, D416, and D131 to provide +3.6 volts for the 
integrated circuits. While the average current 
through diodes D5 through D1? is abeut one 
ampere, the peak current is much larger—high 
enough te damage ordinary silicon power diedes. 
‘That is why three- icon rectifiers are 
specified in the Parts 


by the de- 
‘er module. 


e 

Fig. 15. There are no jumpers on 
the power supply board. After it 
is drilled, mount the components. 
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electrolytic capacitors since the latter can 
be damaged by diode heat generation. 
Connect the power supply module to 
the case through a single ground lead. 
Do not run any other ground leads to the 
chassis except the return for Ji, the 
INPUT jack. 
NOTE: Final assembly, alignment, and 
calibration will be given next month. 
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